The lactic acid bacteria are Gram-positive fermentative microorganisms known primarily for their roles as starter cultures and probiotics. The food industry represents one of the largest manufacturing industries in the world and recent trends are rapidly expanding the use of probiotic cultures within functional foods. Understanding and control of lactic acid bacteria is now being revolutionized by genomic sciences and the appearance of the complete genome sequences for Bifidobacterium longum, Lactobacillus johnsonii, Lactobacillus plantarum, and draft sequences for Lactobacillus gasseri and Lactobacillus casei. This explosion of DNA sequence information, accompanied by the development of bioinformatic tools for nucleic acid and protein analysis, now allows rapid characterization of the lactic acid bacteria for their genomic content and expression profiles across the entire genome. Comparative genomics has already revealed important similarities and differences in strains, species, and genera and will likely identify key genetic features responsible for the beneficial properties ascribed to probiotic lactic acid bacteria. Practical genomics for the lactic acid bacteria promises to establish the genetic landscape, correlate genotypes with desirable phenotypes, establish genetic criteria for strain selection, improve culture stability by stress preconditioning, provide opportunities for metabolic engineering, and uncover a mechanistic basis for the beneficial activities of probiotics when delivered in various foods. This presentation will examine the genomic content of probiotic Lactobacillus cultures, compared to those lactic acid bacterial genomes that have appeared recently. In addition, expression profiling by whole genome microarrays will be used to illustrate how environmental conditions encountered during biomanufacturing, fermentation, and the gastrointestinal tract can impact gene expression and culture functionality.
The Lactic Acid Bacteria (LAB) represent a group of organisms that are functionally related by their ability to produce lactic acid during homo-or heterofermentative metabolism. The acidification and enzymatic processes accompanying the growth of LAB impart the key flavor, texture, and preservative qualities to a variety of fermented foods, predominantly milk and dairy products. Some members of the LAB, notably lactobacilli, occupy important niches in the gastrointestinal tracts of humans and animals and are considered to offer a number of probiotic benefits to general health and well-being. Probiotic cultures have long been associated with milk and fermented dairy products and the potential health benefits of these bacteria in humans are often correlated with delivery through these products (10) . These benefits include a positive influence on the normal microflora, competitive exclusion of pathogens, and stimulation/modulation of mucosal immunity (6) .
Realizing their practical significance in fermentation, bioprocessing, agriculture, food, and more recently, medicine, LAB have been the subject of extensive genomic sequencing efforts. Of approximately 30 LAB genomes reported underway, four genomes have now been completed; Lactococcus lactis (2) , Bifidobacterium l o n g u m ( 9 ) , L a c t o b a c i l l u s p l a n t a r u m ( 4 ) a n d Lactobacillus johnsonii (7) ; and eleven draft genomes have been sequenced by the Department of Energy-Joint Genome Institute (JGI, http://www.jgi.doe.gov) in collaboration with the Lactic Acid Bacteria Genome Consortium (LABGC) and placed in the National Center for Biotechnology Information/NCBI (3) . Comparative genomic analysis of members of the LAB, using the published genomes and draft genome sequence information and whole genome transcriptional arrays are quickly elucidating critical gene sets involved in key metabolic and functional activities. Moreover, whole genome transcriptional arrays are providing in depth views of environmental influences on gene expression and culture behavior, similarities and differences by comparative genomics, and elucidation of the metabolic and functional roles of these organisms. This There are numerous genome projects currently ongoing with lactic acid bacteria. Five LAB genomes have been completed, (Lactococcus lactis, L. plantarum, L. johnsonii, L. acidophilus, L. gasseri, and S. thermophilus), and >20 more are in progress (3) . There are cases where genome sequences for multiple strains of the same species will become available. In the immediate future, these examples are: L. lactis (3 strains), L. casei (2 strains), L. delbrueckii (3 strains), S. thermophilus (3 strains), Oenococcus oeni (2 strains) and B. longum (2 strains). Comparative data from these studies should reveal a great deal about genetic stability and diversity between species, and within different strains of a single species. This presentation will make a comparative genome analysis of Lactobacillus gasseri and Lactobacillus acidophilus against all the other LAB that are present as draft genomes in the LABGC package; as well as against other probiotic lactobacilli; specifically L. plantarum and L. johnsonii.
While phylogenetically closely related by their small genomes (~ 2-4 Mb), and common metabolic pathways for sugar fermentation and lactic acid production, the LAB occupy a diverse set of ecological niches (e.g. fermenting plants, milk, wine, GI tract). This suggests that considerable genetic adaptation has occurred during their evolution. Comparison of the genome sequences of multiple LAB species and strains is providing an important view of the pathways exploited for adaptation and the genetic events responsible for their adaptation to specialized environments. Comparative genomics among the microbes sequenced thus far have illustrated that essential housekeeping gene functions are widely conserved among the LAB. In contrast, the probability of horizontal gene transfer of unique genetic regions has also been reported, revealing functions that appear critical to the organisms evolution (1, 4) . Examples that will be discussed include discovery of unique regions in probiotic LAB that encode bacteriocin production, polysaccharide biosynthesis, mucin-binding proteins, and sugar catabolism. Comparative genomics has also begun to reveal conserved and unique components of LAB that occupy different environmental niches. This information will be invaluable in our understanding of their roles in foods and the human GI tract. Knowledge of key gene sets, that promote functionality for starter cultures or probiotics, will also be critically important in guiding strain selection for multiple roles, either as probiotic or bioprocessing/fermentation cultures.
Some of the key genes and gene networks of interest that are suspected to direct important functional properties of probiotic LAB, and are presumed to be important for colonization, survival, safety, and functionality, include the following (5, 8) . Functional and comparative genomics are now revealing key gene systems that direct these functions and, further, correlating them to important phenotypic behavior. Examples to be illustrated during this presentation will include prebiotic utilization, adherence factors and acid tolerance and adaptation.
Analysis of the products of gene expression will also be critically important to unraveling the functional properties and behavior of these organisms, particularly within specialized environments. Key elements in this aspect of functional genomics are the transcriptome-the complement of mRNAs transcribed from all the genes in the genome and their relative levels of expression under a defined set of conditions; the proteome-the complete complement of proteins encoded by the genome; and the metabolome-the quantitative complement of all the molecules present in cells in various physiological or developmental states. By using approaches that include gene chips, microarrays and proteomic analyses, it has become possible to view a dynamic picture of the genome and begin the process to identify gene networks that di rect behavi or and resp onses t o v aryi ng environmental conditions. A whole-genome microarray has been developed for Lactobacillus acidophilus and transcription profiling is currently being carried out under varying conditions. Examples to be discussed will include a comparison of alternative carbohydrate sources (lactose versus fruto-oligosaccharides) and varying levels of acid exposure that reflect those encountered in fermented dairy products.
Genomic and comparative genomic information on probiotic lactic acid bacteria, of varying species (e.g. Bidifobacterium versus Lactobacillus) are revealing important gene sets that underlie probiotic functionality. Knowledge of these genes and understanding their r e g u l a t i o n u n d e r t h e v a r i e d c o n d i t i o n s o f biomanufacturing, suspension in foods, and during passage into the GI tract, will be instrumental in selecting probiotics with the capacity to consistently perform their expected functions. Moreover, using genomics to uncover the mechanisms responsible for the probiotic and intestinal activities of these organisms will be one of the major steps forward in proving of the 100 year concept proposed by Eli Metchnikoff.
